Summary. Lateral cephalometric radiographs were taken of 50 Romano-British skulls of both sexes excavated near Dorchester and 11 male skulls from York. Thirty nine craniofacial parameters were compared with radiographs of modern Londoners taken on the same apparatus.
Summary. Lateral cephalometric radiographs were taken of 50 Romano-British skulls of both sexes excavated near Dorchester and 11 male skulls from York. Thirty nine craniofacial parameters were compared with radiographs of modern Londoners taken on the same apparatus.
The values for basal prognathism were similar in Romano-British and modern groups. The upper incisor angle, overbite and overjet were significantly reduced in both ancient groups, particularly in those individuals exhibiting marked attrition, but the lower incisor angle showed remarkable stability throughout. The gonial angle and the maxillo-mandibular planes angle were reduced in the ancient material but this could not be directly attributed to greater development of the muscular processes. Vertical facial height was unaffected by the level of attrition.
The cranial base angle (NSAr) was wider and the anterior cranial base (S-N) shorter in the Romano-British which was assumed to be a genetic effect, the mechanism as yet remaining unexplained. No increase in biological variation has occurred in recent years as a result of increased life expectancy. The standard deviations of both groups demonstrated a close correlation for all variables except those affected by attrition.
Cephalometric studies of ancient British crania are sparse, most studies having concentrated on direct measurements of tooth, dental arch and skeletal dimensions. Past work on Romano-British and Anglo-Saxon material led to the frequent observation that ancient skulls were more robustly developed than in contemporary man, particularly in the areas of muscle attachment (DudleyBuxton, 1920; Smyth 1934) .
Recent work using more sophisticated metric and statistical techniques have identified a reduction in palatal width of 1.0-2.5 mm to the present day. Furthermore the most rapid period of change seems to have been around the 17th and 18th centuries (Goose 1962) . Similarly the mandible has decreased in size accompanied by an increase in the gonial angle, the period of greatest change coinciding with that for the palate (Moore et al., 1968; Lavelle, 1972) .
Medieval skulls show similar changes in palatal arch dimensions which were found to be reflected in increased bimaxillary and bizygomatic widths (Goose 1981) . The consensus of opinion is that these are environmental effects of a diet requiring vigorous mastication which promoted greater muscular and subsequently skeletal development. The coincidence of a period of maximum change with the adoption of a softer diet by the British lends support to this theory.
Scandinavian studies have produced similar results in a population that has remained genetically stable for many hundreds of years (Lysell 1958, Helm and Prydso 1979) . Cephalometric studies revealed a reduction in the upper incisor angle and overjet, both attritional effects, but no change in facial height (Lysell and Fillipson 1958, Ingervall et al., 1972) .
Dental attrition is a common finding in communities existing on refined diets and it is related to the abrasive consistency of the food and the effort required in mastication. There are wide individual variations, the most important being due to the influence of sex and age. The effects of attrition on the dentition are a reduction in arch length, overbite, overjet and curve of Spee resulting in a typical Angles Class III buccal occlusion (Begg 1954 , Clinch 1957 . Reports on the effect of attrition on the craniofacial skeleton vary. Some workers found a substantial reduction in face height (Tallgren 1957) but others found little difference (Lysell and Fillipson 1958) . Both genetic and environmental changes have been proposed to explain the differences between ancient and modern material.
In Britain, a genetic change by substitution is a credible proposition. A succession of immigrants over the past 2000 years have partly displaced and partly intermingled with the original Celtic inhabitants producing a hybrid population. The Celts belonged to the Nordic racial group as did the majority of their Germanic and Scandinavian invaders but, despite differences in pigmentation, skeletally they were probably very similar (Coon, 1948) .
Genetic change by evolution is less likely in view of the limited period of time in which the changes occurred, although an increase in cranial index has been widespread in Europe during recent centuries, probably a result of brachycephalic genes, originally introduced from Asia, being selected to achieve eventual predominance (Boyd 1956) . Selection in human terms may be as a result of sexual, social and religious preferences which depend on the rapidly changing cultural environment and not purely on a Darwinian struggle for existence.
The argument for environmental influences on craniofacial structure hinges on the observation that' the changes in diet and skeletal morphology occurred during the same historical period, and that areas of muscle attachment such as the gonial angle ROBERT PAUL SEDDON are affected. Certainly, the time of maximum change seems to be a remarkably consistent finding.
Critics of the argument point out that in the Third World some people habitually exist on diets requiring little or no mastication with no noticeable effects on facial development. Brash (1956) felt that there is a very wide range of activity within which growth will proceed in a perfectly normal manner. Animal experiments supporting the environmental argument have often relied on surgical mutilation of the masticatory apparatus so the validity of the results attract criticism. Watt and Williams (1957) investigated the effect of the physical consistency of the diet in rats. They found greater attrition and mandibular development particularly in areas of muscular attachment in the animals fed on a hard diet. It is difficult to know how far we should apply such findings to the human situation as the inescapable conclusion of the study is that, in rats, the physical consistency of food had a direct effect on the craniofacial skeleton.
Material and methods
The material for this study consisted of two complete adult series of Romano-British crania drawn from the collection in the British Museum (Natural History).
The Poundbury series, of 50 crania and of equal sex distribution, were excavated from a civilian cemetry serving the district capital and market town of Dvrnovaria on the site of what is now modern Dorchester. It was a Romanised civilian community of the fourth and early fifth centuries, predominantly of native origin, their ancestors belonging to the Celtic tribe, the Durotoriges. The York series of 11 male skulls were also from a burial site of a mixed Christian type and probably of around the same date as the Poundbury collection.
Sex was determined by reference to the post-cranial skeleton. The Poundbury males were allocated to high and low attrition groups according to the degree of attrition on the first molars. The skulls, articulated with mandibles, were mounted upside down in a cephalostat with the aid of a portable craniostat. Lateral skull radiographs were taken at 110-115 kV and 50 rnA with an exposure time of So-100 milliseconds. (Fig. 1) The modern group consisted of radiographs of young adult Londoners taken on the same cephalostat at the Eastman Dental Hospital in 1955.
The radiographs were traced and the landmarks shown in Figure 2 identified. The outlines of both shadows of the mandible were traced and divided into their constituent areas corresponding to the body, ramus and coronoid processes. The tracings were analysed using a Lysta Dent digitizer connected to an HP-S5 computer. Data was stored on flexible discs. The program was designed to compute the skeletal angles, linear dimensions and areas shown in Figure 3 .
From these absolute values a number of indices were calculated according to the following formulae.
Ramus
Ramus Area x 100% Area % Total Mandibular Area
Body
Body Area x 100 % Area % Total Mandibular Area
Statistical Analysis
For the intergroup comparisons the Students' 't' test was used to determine the levels of significance. A non parametric test (the Mann-Whitney 'V' test) was selected when the numbers in a particular group were low. The levels of significance chosen are as follows:
structures. The prominence of the bony chin, designated by the value of BNPo, showed remarkable stability throughout the groups at about 1.5°, and seemed to be largely independent of sex. (Dahlberg, 1940) .
The Dento Alveolar dimensions

Discussion
The Error of the Method
The dental angles show the most dramatic changes. In sharp contrast the lower incisor angle
showed remarkable stability between all groups and remained independent of sex, antiquity and attrition. It appears that compensation for attrition takes place entirely at the expense of upper incisor proclination. The effects on interincisal angle (VIlLI), overbite and overjet are, as expected, also dependent on the degree of attrition (Table  2) . Current orthodontic opinion considers the lower labial segment to be held in muscular balance which, under normal circumstances provides little lattitude for alteration (Mills 1968) , consequently orthodontists concentrate on the upper labial segment if alterations are required. This seems to be a natural phenomenon in dentitions subject to attrition. In general, the Romano-British and modern Londoners were very similar in craniofacial profile, but the similarity was most pronounced between the two RomanoBritish groups. Perhaps this is a reflection of their close racial and cultural relationship.
Approximately one third of the skeletal material was articulated, radiographed, traced and digitised and the overall error of the method calculated according to Dahlbergs formula,
Facial Prognathism
Examination of the angles of facial prognathism produced no evidence to support the contention that the jaws were more robust or prognathic in ancient man. The preponderance of an Angles' Class III molar occlusion reported in similar material is probably the. result of differential dental migration, rather than a difference in basal
The Cranial Base
There are interesting differences in the cranial base. The cranial base angle (NSAr) has decreased from 127.9°in the Poundbury group to 123.SO in modern skulls, a difference of 4.4°(p<O.OI). In the series of male skulls from York the cranial base angle (126.2°) approximated more to the Pound- bury males than the modern males. The possibility that the mandible had been habitually retropositioned when taking the radiographs, so affecting the position of Articulare, was considered but is unlikely in view of the wear facets on teeth which assisted accurate articulation. Assuming average values, a reconstruction of cranial base dimensions will show that an average error of 3.5 mm would be necessary to produce such an increase in NSAr. Furthermore, there are other differences in cranial base dimensions of significance. The anterior cranial base length S-N was reduced by 2.3 mm in the Poundbury group (p<O.OI) a dimension not dependent on mandibular position, and the total cranial base length N-Ar was increased by 4.3 mm (p<O.OOI). Again the York males resembled the Poundbury males.
Comparisons with Scandinavian studies reveal some close parallels. Ingervall et al. (1972) , reported a decrease of over 5°in NSAr from the 19th century to the present day in Swedish conscripts and Lysell and Fillipson (1958) recorded a similar value for NSAr in medieval Swedes (127.17°) to the Poundbury sample. Ingervall's 19th century conscripts also showed relatively large reductions in anterior cranial base length (mean reduction 6.46 mm).
Mandibular Dimensions and Indices
Mandibular linear dimensions tended to be smaller in the Romano-British, but none reached any level of significance. This varies with the findings of Moore et al. (1968) who found the mandible to be substantially smaller in modern individuals.
The indices (dimensions expressed as a percentage of mandibular length) indicate variation in shape rather than size. Females had lower mandibular indices than men but there were no real differences between ancient and modern groups. The gonial and coronoid processes are said to be dependent on muscle function but, although the gonial index was approaching a significant increase in the Poundbury males, and to a lesser extent in the York males, the coronoid indices were very similar. Again, the females exhibited no real differences.
The gonial angle was found to be decreased in both Poundbury and York males (123.0°) compared to modern males (126.4°, p<0.05). Whether by direct or cephalometric measurement, there is general agreement in other studies that the gonial angle is reduced in ancient crania (Moore et al., 1968 , Lavelle 1972 .
The maxillary-mandibular planes angle (MMA) was smaller in the Romano-British (24.1°) compared to the modern group (25.9°) although not significantly so. The smallest value for MMA was to be found in the York males at 21.8°, a reduction of 3.7°c ompared to modern males (p<0.05). So it seems there is a tendency to a smaller MMA in the Romano-British, and popular opinion would seem to implicate a change in the mandibular plane as a consequence of increased gonial development. The findings for gonial index and gonial angle seem to support this so, to put it in lay terms, the Romano-British probably had a slightly squarer jaw than we do.
The trend towards larger mandibles in the modern groups does not seem to be reflected in the area measurements, if anything the reverse. If the area of muscle attachment is considered as a whole, there is no difference between groups, as indicated by the close similarity of the Body area indices.
Effects of Attrition
The effect of attrition on the upper labial segment has been discussed and is in close agreement with the findings of other writers. The vertical facial dimensions seem to have changed little over the centuries and remain unaffected by attrition. This would suggest that a compensatory mechanism of alveolar growth for chronic incremental loss of tooth tissue exists. Attrition probably must be of a most aggressive nature to affect this particular dimension.
The Romano-British males in high and low attrition groups showed some interesting differences. All the mandibular dirnensions suggest that the high attrition males possessed larger and more prognathic mandibles. The absolute values for the muscular processes were higher but the indices were similar, indicating a proportionate increase in size. A slight difference in two nonmandibular parameters indicates that the high attrition males were probably larger and more robustly developed men and the greater muscle power they were able to ROBERT PAUL SEDDON generate may have been responsible, in part, for the increased attrition.
Variation in Ancient and Modern Populations
Biological variation in craniofacial characters, as indicated by their standard deviations, was very similar in both ancient and modern groups. If the standard deviations for each parameter were compared, the mean ratio of ( SD ancient )=0.99 and the SD modern correlation coefficient r, =0.99. Overjet and particularly overbite were more variable in the modern population and presumably this is reflected in an increase in malocclusions today. This is an environmental effect however. There seems to be little evidence for greater genetic variability due to increased life expectancy in modern populations. There are two explanations.
It is likely that in Roman times craniofacial characteristics were of no selective importance. If this were to be the case, the 'reins' would have already been taken off diversity in facial form and variability would have been given full expression.
The other possibility is that insufficient time has elapsed since the dramatic rise in the survival rate of our species to produce sufficient variability. The combined effect of modern medicine and improved social conditions in life expectancy is a relatively recent phenomenon. Ingervall's young soldiers varied in age between 18-25 years at the time of their death in 1810, the victims of an epidemic of typhus. Even 100 years ago there was still a considerable death rate in younger individuals, so perhaps a few more generations must elapse before the effects of modern life are manifest in increased craniofacial variation.
The major question emerging from the study is how we can explain the changes in the cranial base. To summarise, in the Romano-British, the anterior cranial base angle was increased by 4.4°.
Ingervall implicated the effects of hybridization and genetic drift to explairr similar changes in the cranial base in Swedes. The problem with this argument is accepting the likelihood of such fundamental, genetically based changes occurring in 160 years. Coon says 'In comparison with most European countries, Sweden has in post-Iron-age times been subject to remarkably few foreign influences which would affect her racial composition. Sweden remains one of the most homogenous nations in Europe both in race and pedigree'.
The argument could be more acceptably applied to the Romano-British who were almost exclusively of Celtic origin, but came to mix with successive waves of immigrants over a period of one and a half thousand years.
The other possibility is that the groups under consideration were inbred, although the chances of the same inbred character emerging in two different parts of England must be viewed as an unlikely coincidence.
The environment may also influence the cranial base although, by virtue of its position and passive function, one may suppose that it would be less susceptible to manipulation than the dentoalveolar area. The prevalence of disease and malnutrition may be cited. Brash (1956) concluded that illness and malnutrition has only a temporary effec... on growth so it is unlikely that such effects would be manifest in two separated adult populations. Furthermore, there is no evidence that the Romans suffered from malnutrition. However high levels of lead were found in the remains from Poundbury camp.
In view of the limited opportunities for the environment to affect the cranial base, the most likely explanation is that this is as genetic effect, the mechanism remaining unexplained. 
